
Scientists Use Computer Visualizations 
to Ensure Nuclear Weapon Safety, Reliability

Teraflop computers and advanced visualization software provide capacity to simulate nuclear blasts

by Michelle Perkins

Nuclear weapons testing has been forced from the underground, creating perhaps the biggest challenge yet for
computer scientists at Los Alamos, Sandia and Lawrence Livermore national laboratories. The scientists' allies
in the new world of computer-simulated testing are huge "ultracomputers" and advanced visualization
software that can handle models of a size that could barely be imagined only a few years ago.

Executive Orders 
On September 24, 1996, President Clinton signed the Comprehensive Test Ban Treaty, placing a moratorium
on underground nuclear testing. The Department of Energy and its national laboratories, however, are still
responsible for guaranteeing the safety and reliability of the nation's nuclear stockpile. The Accelerated
Strategic Computing Initiative (ASCI) was formed to develop the high-resolution, three-dimensional physics
modeling needed to evaluate the aging nuclear stockpile and accurately predict how time will  affect different
components of nuclear weapons.

"Everything is a Challenge" 
Weapons in the nuclear stockpile were built with 20-year shelf lives, which many of the weapons have
already exceeded. The reliability of these weapons is more critical than ever, since the Comprehensive Test
Ban Treaty also halted new nuclear weapons designs and drastically reduced manufacturing. Without live
nuclear testing or manufacturing support, scientists must still  ensure that the weapons in the stockpile are safe,



reliable and functional. "Everything is a challenge: hardware, software, network speeds, data storage, and
especially veracity," says Robert Shea, weapons physicist at Los Alamos and chairman of the ASCI
Visualization Coordinating Group. 

Computers as Big as a House 
Visualizing and analyzing the data generated by the computational models overwhelms traditional scientific
visualization methods. One of the first problems that scientists working on the ASCI project had to tackle was
finding computers that could handle the large datasets necessary for simulating nuclear blasts. A typical model
can be as large as tens of millions of elements, and over the next couple of years the simulations will  grow to
more than tens of billions of elements. A model from Los Alamos studies the deformation of a hypothetical
nuclear device when it collides with a steel plate.

To handle these large models, Sandia National Laboratory in 1997 obtained the first teraflop computer. The
computer comprises 76 computer cabinets containing 9,216 Pentium Pro processors, 584 gigabytes of RAM,
and more than one terabyte of disk memory. It covers nearly 1,600 square feet and performs 1.8-trillion
floating point operations per second. To put this into context, it would take one person using a calculator
57,000 years to calculate a problem this machine could compute in one second.

Today, Los Alamos has a computer capable of 3-4 teraflop performance, and by the first decade of the 21st
century, Los Alamos and Sandia are expected to have a 100-teraflop computer.

Seeing is Believing 
Since the major focus of the ASCI program is terascale computational simulations, visualization is essential to
understanding the terabytes of data produced. Scientists rely on visualization tools such as Computational
Engineering International's EnSight software to ensure that the computer code is performing as expected, and
to develop realistic models from the available data. "Visualization is probably the quickest and easiest way of
finding errors in our codes or in the way we have set up problems," says Shea. "We are all accustomed to
looking at a table of numbers coming out of a computer model for some simple phenomena and mentally
gauging the reliability. As the size and complexity of the calculation increases, we can no longer just look at
numbers. The only possible way we have of understanding complicated 3D calculations is through the use of
sophisticated graphics software."



Computer scientists at Los Alamos use EnSight to visualize a number of components within a data set,
including scalar fields, vector fields, cell-centered variables, vertex-centered variables, and polygon
information. "It  is very important that we have the flexibility  to look at a number of different variables at once
in a single package," says Shea. "When I  start to investigate a new problem, I am never exactly sure what I
will  need to look at. Since EnSight allows me to look at several problems at once, I can compare calculations
from two separate codes."

Shea describes a recent example that involved looking at the results from two different codes and subtracting
the data fields. The resulting difference plot allowed scientists to detect a very subtle problem within a few
minutes. "Without advanced visualization software, this problem could have gone undetected for a long time
and caused numerous complications," says Shea. "We might have saved several weeks of work."

Moving Models 
Scientists at Los Alamos also take advantage of EnSight's animation capabilities to better understand 3D data
sets. Time or flipbook animations are used most frequently. Scientists load data sets directly into their
computers and play them back to study a large amount of data at one time. In one problem, developers were
studying a sphere of material being transported across a mesh. Looking at an animation of the process showed
that the sphere did not remain exactly spherical as it moved. The developers were then able to fix the bug in
the code. Scientists at Los Alamos also use animations that are done at a fixed time, where the value of an
isosurface is changed or where a clip plane is pulled through a data set.

"Viewing the data isn't a cure-all," says Shea. "But there are innumerable times when bringing up a picture has
immediately revealed an error that would have been extremely difficult  or impossible to find otherwise."

Reality in a Virtual World 
While all computer codes and simulations involve compromises, the ASCI project must come as close to
perfect as possible. Scientists have used a combination of field tests and computer simulations for a long time,
but never before have the simulations played such an important role in ensuring the reliability of nuclear
weapons. In the past, scientists used computations to ask, "What should we test underground in Nevada?"
Today, the codes must answer the question, "Will  this device perform as expected?"

Scientists at Sandia National Laboratories, for example, are using computer simulations to test whether the
W76 nuclear warhead could still  function amid blasts of X-rays on a nuclear battlefield. The simulations try to
mathematically predict what real X-rays would do as they go through the W76's electronic circuits. Real-
world tests are run with weaker X-rays and the results are compared with the computer simulations. Data from
old underground nuclear tests is also used to validate the computer tests.

Scientists must also determine how weapons would react in complex accident scenarios. At Sandia, computer
simulations are being used to determine what would happen if  a bomber carrying a nuclear weapon crashed.
For this project, scientists collect data from every aspect of a plane crash, including initial  impact, damage to
structures, severity and spread of fire based on fuel amounts and wind condition, and the effects of fire on
materials and objects. They then try to simulate what sequences of events could trigger a nuclear warhead.



Nothing Like the Real Thing? 
Skeptics of the ASCI project question whether computer models can ever truly simulate reality, and how we
can trust those simulations without real-world testing. Says Shea, "The real fear in any complicated calculation
is that everything runs well on the computer, the results look reasonable, and the answer is wrong." One
skeptic, New York University professor Naomi Oreskas, wrote in a 1994 paper in the research journal Science,
"A  model, like a novel, may resonate with nature, but it is not a 'real' thing."

With the help of faster supercomputers and more powerful graphics software, computer scientists at Los
Alamos, Sandia and Lawrence Livermore national laboratories are working to prove the skeptics wrong. They
are keeping close ties to reality by comparing their results with those from old underground testing and data
from non-nuclear experiments, such as the low-powered X-rays that Sandia is using. All  debate aside, ASCI
scientists have no alternative but to pursue their present course. In a recent visit to Los Alamos, President
Clinton summed up their mission: "Of all the remarkable things that supercomputers will  be able to
accomplish, none will  be more important than helping to make sure that the world is safe from the threat of
nuclear weapons."
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